Abstract. Late-time observations of GRB970508 with the SAO-RAS 6-m telescope in July-August 1998 show that the optical transient (OT) varies very little since November 1997. Here we report the BV R c I c light-curves behaviour up to 470 days from the GRB occurence with independent BV R c I c power-law fits. After ≃ 200 days the power-law decay has ceased and the OT contamination to the host galaxy flux is already less than the observational errors of the brightness estimates. Spectral energy distribution for the host galaxy alone (without OT) and comparison of its broad-band spectrum to the average continuum spectra of different Hubble types galaxies are shown. For H 0 = 60 km s −1 Mpc −1 and three Friedmann models with matter density and cosmological constant parameters (Ω m , Ω Λ ) = (1,0); (0,0); (0,1) the derived host galaxy absolute magnitude (M Brest ) are −18.0 ± 0.3, −18.5 ± 0.3, and −19.0 ± 0.3 respectively. Combined with the reported scale length of about 0.1 arcsec from HST observations (Fruchter et al. 1998), we can conclude that the host galaxy has higher than normal central surface brightness. The best fits to the BV R c I c spectral energy distribution of the GRB host with local starburst galaxies are found for the blue compact SO dwarf galaxy NGC1510, the Scd starburst HII galaxy NGC7793 and the blue compact galaxy Mrk 1267. The spectral distribution of normal galaxies with types earlier than Sbc are confidently excluded. The absolute B magnitude ≈ −18.5 corresponds to the luminosity L B ≈ 0.1L * gen where L * gen is the knee of the local general Schechter luminosity function. However this luminosity is roughly at the knee of the local luminosity function L * late for late type galaxies Sd-Sm-Irr (Binggeli et al. 1988) . The position and luminosity of one of the neighbouring galaxy allows to produce the z = 0.767 absorption line system in the spectrum of the GRB host.
Introduction
At the present time, eight optical counterparts for gamma-ray bursts (GBR) are known, all of them after detection with the Wide Field Cameras (WFC) on board the Italian-Dutch BeppoSAX observatory. They are: GRB 970228 (Groot et al. 1997; Van Paradijs et al. 1997) , GRB 970508 (Bond 1997) , GRB 971214 (Halpern et al. 1997) , GRB 980326 (Groot et al. 1998; Kulkarni et al. 1998) , GRB 980329 (Djorgovski et al. 1998) , GRB 980519 (Jaunsen et al. 1998 ), GRB 980613 (Hjorth et al. 1998 , GRB 980703 (Frail at al. 1998; Zapatero-Osorio et al. 1998) . Galama et al. (1998a,b) reported about a possible supernova optical candidate for the GRB 980425. But a connection between type-Ib SN and the GRB ) is still unclear. In all but GRB 980613 it is possible to speak about the detection of an underlying host galaxy (Hogg & Fruchter 1998) . This paper is dedicated to a detailed analysis and interpretation of new BV R c I c photometrical data of the GRB970508 host galaxy. Since our BV R c I c observations of the optical source related to GRB970508 in November 1997, we have continued them in January, July and August 1998. These late-time observations were undertaken with the main purpose to check how constant this faint (R c ≈ 25) source is up to 470 days after the gamma-ray burst, i.e. when the contribution of the OT can be considered to be comparable with or even less than the observational errors of brightness estimates in all BV R c I c photometrical bands. These observations do show that the optical counterpart varies very little since November 1997 and allow us to determine the apparent magnitudes of the host galaxy. Table. 1 presents the results of our observations with the 6-m telescope of SAO-RAS in November (I c band) and in December 1997 (B band), in January, July and August 1998 (BV R c I c bands) in one photometric system. The photometrical analysis and details are reported in Sokolov et al. (1998) . The B point If BV R c I c magnitudes of the optical counterpart did not change during the last half-year we can conclude that we observe a pure host galaxy without the optical remnant of GRB970508. On the other hand, the brightness can change within the errors, and the brighness decay of the optical remnant can be still described by a power-law relation during about a year after the burst occurence. In that case the flux can be determined by fitting the observed BV R c I c light curves with a two-component model, a sum of the optical remnant of GRB970508, fading according to a power-law, and a constant brightness host galaxy (see Zharikov et al. 1998 for details):
The GRB970508 host galaxy -BV R c I c late-time observations
To investigate the possible variability of a faint source we must avoid any systematic shifts in the observational data due to different photometric systems in various instruments. That is why for this fit we used the data from the 6-m telescope only. So, the four independent BV R c I c power-law fits with different slopes (Fig. 1) give the following magnitudes of the host galaxy: In Table 2 , magnitudes, fluxes and observational spectra in Fig. 2 are presented for the 3 cases: the late-time observations and the two fits described above. In cases 2) and 3) we indicate not observed, but "theoretical" values and fluxes corresponding to t tending to infinity. As can be seen from Table 1 the magnitude values in each individual band are almost constant during the period Nov. 97 -Aug. 98, the last observations giving the upper estimates of the host brightness (spectrum 1 in Fig.  2 ). However if we press for a fitting with a power-law brightness change then lower estimates are derived by fitting each observed band (spectrum 2 in Fig. 2 ) . Table 2 shows that the I c band brightness is the same for the three variants within the observational and fitting errors. Also, the observed magnitude of the object in the I c band is the same, within the observational uncertainties, in November 1997 and August 1998. From our observations Zharikov et al. 1998) , we can then suppose that the brightness of the object in the I c band ceased to vary according to a power law as early as the end of last year and now we observe the pure GRB host galaxy. This argument and also the closeness of I c fluxes for three cases in Table reftab2 justifies our procedure to normalize all three variants of spectra in the diagram log F λ vs. λ (see in Fig. 2 ). In that case we obtain the lower estimate of flux from GRB host galaxy in all other bands for the most realistic variant 2) of power-law fitting with different and independent α. The flux values (at t tending to infinity) are still lower in every filter than the fluxes observed in JulyAugust 1998. They are also lower than the fluxes (at t=infinity) for case 3) in Table 2 . This is as it should be, because otherwise one should admit that the host can become brighter with time. Figure 2 shows the broad-band spectrum of GRB970508 host galaxy compared with the typical spectra of different Hubble types of galaxies normalized to the average value of I c flux as measured for the host galaxy. Table 3 gives the estimates of brightness in other three bands for case 2 of independent power laws for each of the BV R c I c bands. During the latest measurements (in Jul. -Aug. 1998 ) the contribution of the GRB970508 OT to the observed flux in all bands is already less than than the observational errors (if any at all!). So, the variant 1) of the host galaxy spectral disttribution can be considered as upper estimate of BV R c I c fluxes if the OT disappeared in all bands before Jun. 1998. (That is to say, if there is no power law at all yet.)
In what follows, we choose the spectrum of the host galaxy as given in Table 3 for interpretation in the following sections. However, all other variants of Table 2 should be also kept in mind (as well as the errors of observations) when comparing the results with the specra of local galaxies. Zharikov et al. (1998) report a photometric study of the field of GRB970508. They performed BV R c I c observations of the OT and of 3 nearby galaxies (named G1, G2 and G3, see their paper for more details). They conclude that only G2 may be a member of a compact group of galaxies and responsible for the observed absorption system at redshift 0.767 ). G1 and G3 are very blue galaxies with z probably greater than 1, or maybe 1.5 to 2.5. There are no optical lines for identifying redshifts in that z range. So it is not surprising that the spectrum of the nearby galaxy G1 shows a relatively featureless, blue continuum (Bloom et al. 1998) Figure  3 shows the broad-band spectrum of the field galaxy G2 (G1 Table 2 ) with different α are pictured by the thin lines.
and G3) compared with those of typical galaxies of different Hubble types at z = 0.767.
Intrinsic parameters of the GRB970508 host galaxy
In order to compare the properties of the host galaxy with those of the local galaxy population, one needs to derive possible intervals for absolute magnitude, linear size, and spectral energy distribution. To do this a cosmological model, redshift, and Kcorrection are required.
Cosmological models
The estimate of intrinsic physical parameters of extragalactic objects with redshifts approaching 1 depends rather sensitively on the adopted cosmological model. The standard Friedmann model contains three parameters: Hubble constant H 0 , matter density parameter Ω m , and cosmological constant parameter Ω Λ . Recent studies of the Hubble constant put it within the range 50 -70 km s −1 Mpc −1 (see Theureau et al. 1997) . In this paper we adopt H 0 = 60 km s −1 Mpc −1 . The values of Ω m and Ω Λ are observationally less constrained. The recent work on the m − z test with supernovae of type Ia at redshifts up to 1 by Garnavich et al. (1998) make it imperative to consider in addition to the standard inflationary model also empty universe with cosmological constant. For a review of modern cosmological models and the needed mathematical relations, see Baryshev et al. (1994) . Here we use three Friedmann models which conveniently limit reasonable possibilities: A comparison of GRB970508 broad-band spectra log(F λ ) = log(F λ (obs))+C to average continuum spectra of galaxies of different Hubble types at z = 0.835 are shown. No. 1, 2, 3 correspond to the three cases reported in Table 2 . The reported spectra were shifted by some arbitrary constants for the best fits. F is in erg cm −2 s −1Å−1 and λ is inÅ.
For these models the relation
2 0 , and
Here ρ, Λ, k, and R are density, cosmological constant, curvature constant, and radius of curvature, respectively, and "0" denotes the present epoch.
The luminosity distance R lum , the angular size distance R ang and the proper metric distance R p are connected by the Comparison of G2 (G1 and G3) broad-band spectra to typical average continuum spectra of galaxies at z = 0.767 are shown. F is in erg cm −2 s −1Å−1 and λ is inÅ.
relation:
where the proper distances for the adopted models are given by
Here R H = c/H 0 is the present value of the Hubble radius. The absolute magnitude M (i) of the source observed in filter (i) can be calculated from the magnitude-redshift relation
where m (i) is the observed magnitude of the object in the photometric band system (i) and K (i) (z) is the K-correction at redshift z, calculated from the rest-frame spectral energy distribution.
The linear size l of an object having an angular size θ is given by
Line spectrum and redshift
The first spectral observations of the GRB970508 optical transient were obtained with the Keck-II 10-m telescope on 11 May 1997 (Metzger at al. 1997a) . Two absorption line systems were detected: 1) z = 0.835 for the elements FeII, MgII and MgI, 2) z = 0.767 for MgII doublet. Such absorption features are commonly seen in the spectra of QSOs and are usually associated with galaxies along the line of sight to the QSO. This gives rise to two possibilities: 1) we have detected the host galaxy with z = 0.835, or 2) we have detected a foreground galaxy on the (Metzger et al. 1997b; Bloom et al. 1998) .
Rest frame continuum
BV R c I c magnitudes of the GRB host galaxy (with none or minimal OT contamination, case 2) and the central λ for our photometric system are given in Table 3 . It is a useful coincidence that for z = 0.835 the observed wavelength of the R c filter corresponds to the rest band U rest (λ U = 3652Å), and I c filter corresponds to the rest band B rest (λ B = 4448Å). By a simple shift λ obs to λ emit = λ obs /(1 + z), in the log(F (λ obs )) vs. λ obs diagram, we have four points of the rest frame continuum spectral distribution, which allow us to make a comparison with the available spectral distributions measured for local galaxies.
K-correction
The K-correction in Eq. (3) can be calculated from the standard formula (Oke & Sandage 1968) :
In this formula F λ is the rest-frame spectral energy distribution. As we mentioned above, the effective wavelength of the I c band for z = 0.835 happens to correspond to B rest band. This allows us to calculate directly from Eq. (5) the value of the Kcorrection for the B-magnitude, replacing the second term with 2.5 log(F Brest /F λB /1+z ) ≈ 2.5 log(F I obs /F B obs ). The calculation yields K B = +0.6 ± 0.3
Absolute magnitudes and colours
The absolute B rest magnitude from Eq. (3), (with K-correction +0.6 for z = 0.835) are: Because the observed effective wavelength of the R c band corresponds to the rest frame effective wavelength of the U rest band, we can directly calculate the (U − B) rest color. Taking into account the definition of the U and B systems (Fukugita et al. 1995) we get (uncorrected for the unknown internal extinction):
(U − B) rest = −0.13 ± 0.3
Linear size of the GRB970508 host galaxy
For z = 0.835, we get from Eq. (4) the linear sizes as normalized to θ = 1 arcsec.
A more detailed discussion on the possible range of GRB970508 linear size is given in Sections 5 and 6, after the discussion of the spectral energy distribution from our broad band photometry data, which can restrict the possible type of the host galaxy.
Properties of the neighbouring G2 galaxy
We estimate that the K-correction for the G2 galaxy at z = 0.767 is K B ≈ 2.1 (only an upper limit exists for the flux at B). This allows us to derive M Brest < ∼ −18.4, −18.9, −19.4 for the cosmological models A, B and C, (see Subsection 3.1) respectively. Following Natarajan et al. (1997) we can now calculate a lower limit to the maximum radius R max of the gaseous halo of the galaxy G2 which can produce the observed MgII absorption line system: R max > ∼ 38, 42 and 46 kpc (models A, B and C). The angular distance between the GRB host and G2 is about 4 arcsec which corresponds to a linear projected radius of 29, 35 and 45 kpc, so we may conclude that the G2 galaxy could really be responsible for the observed absorption line system at z = 0.767.
Comparison with ultraviolet spectra of local galaxies
In Figs. 2 and 3 we compared the BV R c I c spectrum of the GRB970508 host galaxy with the spectral energy distributions of normal galaxies of different Hubble types. It appeared difficult to match the observed spectrum with any single Hubble type. However, for the GRB970508 host galaxy one may confidently reject early type galaxies from E to Sb. Here we extend the comparison to include local star-forming galaxies.
Figures 4 and 5 show a comparison between the continuum fluxes of the GRB970508 host (shifted to the rest frame) and continuum spectra of some star-forming galaxies selected from the ultraviolet atlas of Kinney et al. (1993) . We restricted the search to the absolute magnitude interval −21 < M B < −17 and looked for spectra that resemble the observed broadband spectrum of the GRB970508 host galaxy. For the latter task we used the tables in McQuade et al. (1995) Sokolov et al. 1998) ).
We have checked that changing the galactic extinction from a low value of 0.01 to a higher value of 0.15 does not essentially alter the spectrum.
All galaxies in Figs. 4 and 5 display also fairly strong emission lines, most notably at λ = 3727Å [OII], λ = 4861Å H β , λ = 4959, 5007Å [OIII] and λ = 6563Å H α , which are caused by their star-forming activity. Of these strong lines only λ = 3727Å [OII] falls within the range of our continuum observations, close to the R c band.
We conclude that the best fits to the observed spectrum of the host galaxy are displayed byblue compact SO dwarf galaxy NGC1510, the star-forming HII galaxy NGC7793 and the blue compact galaxy Mrk 1267. The absolute B magnitude of NGC7793 (−18.0), which has the Hubble type Scd, is practically the same as that of the host, while Mrk 1267 is much brighter (−20.8) and its Hubble type is not well defined.
Comparison with late-type galaxies from the LEDA extragalactic database
The presence of absorption lines characteristic of star formation regions (like MgII, MgI and FeII), evidence for emission line λ = 3727Å [OII] , and the similarity of the observed host spectrum to the spectral energy distribution in a Scd galaxy prompts us to inquire how the host galaxy is might related to the class of late-type spiral and irregular galaxies. The first step in such a study is to compare the properties of the host galaxy with the galaxies in the local universe, on which we have good knowledge. The second step is to understand possible deviation from the local galaxy population (normal, starburst, irregular) as an effect of evolution and/or selection. The studies of the local luminosity function of types SdSm -Irr (see e.g. Binggeli et al. 1988) indicate that these form a subclass among all galaxies with a knee in the luminosity function at about M B ≈ −18, −19. This is two magnitudes fainter than the knee in the general Schechter function for the total mixture of types and is close to the absolute magnitude of the host galaxy, consistent with the hypothesis that the host is sampled from the (volume-limited) late-type population. As we shall discuss below, this depends on the assumption that the Fig. 4 . A comparison of GRB970508 broad-band spectrum from Table 3 (with an arbitrary constant added to the best fit) to continuum spectra F λ of some blue compact dwarf galaxies (BCDGs) in Kinney et al. (1993) . The observing bands have been shifted to the rest frame of GRB970508. Filled symbols indicate the observations and the smooth curves connect the selected continuum points, marked with open boxes. See text for details. Fig. 5 . A comparison of GRB970508 broad-band spectrum from Table 3 (with an arbitrary constant added to the best fit) to continuum spectra F λ of a blue compact galaxy (Mrk 1267) and an Scd HII galaxy (NGC7793). See the caption to Fig. 4 and text for details. Table 4 . Parameters of the galaxies used in the comparison of the UV spectra, extracted from LEDA. Distances are calculated using radial velocities corrected to Virgo infall and H 0 = 60 km s −1 Mpc −1 , except for NGC1705 (O'Connell et al. 1994 ) and NGC7793 (Puche & Carignan 1988 primary selection is not optical but comes from the gamma-ray burst.
In order to make further comparison between the GRB970508 host and local galaxies, especially to utilize the absolute magnitude-linear size relation, we used the LyonMeudon Extragalactic database (LEDA) which currently lists the main astrophysical parameters for more than 165 000 galaxies. The data are collected from the major published galaxy surveys, and complemented with individual measurements. The parameters have been carefully reduced to a common system (of de Vaucouleurs et al. 1991) and corrected for any instrumental or observational imperfections ). The latest information on the status of LEDA and the data itself are available at http://www-obs.univ-lyon1.fr/leda/. Figure 6 shows the M B vs. log D 25 diagrams for four ranges of galaxy types from LEDA (Sbc-Sc, Scd-Sd, Sm, Irr). Different types have the well known relation, roughly following the dependence M ≈ 5 log D+ const. The slope reflects what is expected from discs of different diameters, with a constant average surface brightness.
M B and D 25 are calculated as
where B T (total apparent B-magnitude), log d 25 (log of 25 Bmag/arcsec 2 isophote diameter, in units of 0.1 arcmin), and v (radial velocity in km s −1 ) are from LEDA. Isophotal diameters were corrected for inclination and galactic absorption, and radial velocities for Virgo infall.
The inserted dotted lines indicate the allowed region of the present GRB host galaxy, as based on the absolute magnitude derived from the models A, B and C. It is important to note that the local distributions are not based on volume limited samples. They come from LEDA which is a heterogeneous, though more or less diameter or magnitude limited collection of galaxies. This means that the displayed distributions are shifted, because of the Malmquist bias, towards intrinsically brighter and larger galaxies.
Because GRB host galaxies are not selected according to their apparent size or magnitude (but according to the presence of the gamma burst), the properties of the hosts should more faithfully follow their volume-limited distributions. Hence, a direct comparison of the "allowed" M B − log D 25 region with the raw LEDA distributions is misleading. Actually, one should shift the distributions downwards, roughly parallel to the line M B = −5 log D 25 , by about 1.382 σ 2 (classical Malmquist bias). This shift amounts to 2 -3 mag, when the dispersion σ ranges between 1.2 -1.5 mag. The shift would be less by a factor of 2/3 if the average local radial space density distribution is not constant, but drops as predicted by a fractal dimension D ≈ 2, as was recently shown by Teerikorpi et al. (1998) for KLUN-galaxies (a subsample of LEDA). In any case, the expected Malmquist shifts are so large that the allowed absolute magnitude of the GBR host approximately corresponds to the average magnitudes of late type galaxies, especially of Scd-Sd. This conclusion is in agreement with the studies of the local luminosity functions of different galaxy types by Binggeli et al. (1988) who derive for Sc galaxies an average M B of about −18.5 (for H 0 = 60) and for Sd+Sm galaxies −17.5 mag, while for Irr-types the maximum is reached around −16, −15 mag.
The scatter of isophotal diameters (for 25 B-mag/arcsec 2 ) around the host absolute magnitude is rather large and for all types covers about a similar range roughly from 4 to 40 kpc. Below we tentatively infer from recent HST measurements that the diameter may lie in the range of about 5 to 15 kpc. This would put the host galaxy somewhat above the general diameter-magnitude relation. Hence it would have a higher than usual surface brightness (see next Section).
Discussion and conclusions
The size-absolute magnitude diagrams for local late-type galaxies emphasize the importance of a measurement of the angular size for the host galaxy, which must be reduced to the standard, local D 25 diameter taking into account redshift, instrumental point spread function, and background light. Only by considering together size and absolute magnitude, one can make reliable conclusions about the relation of the host galaxy to the local galaxy populations, both normal and actively star forming.
According to results from HST measurements by Fruchter et al. (1998) GRB970508 host galaxy has an exponential disk Table 4. with a scale length of about 0. ′′ 1. Scale length and absolute magnitude allow one to calculate the central surface brightness of an exponential disk. This has been done in Fig. 7 for the inferred range of absolute magnitudes −18.0±0.3, −18.5±0.3 and −19.0 ± 0.3 in our cosmological models A, B and C. The scale length of 0.
′′ 1 corresponds to 0.7 -1.1 kpc at z = 0.835. Taken at face value, this tentative scale length would mean that the central surface brightness of the disk is brighter than 19 mag (Fig. 7) . It is interesting to note that for the disk to have a normal central surface brightness (∼ 21.5 mag/arcsec
2 ) its scale length should be at least 3 -4 kpc, that is > 0.
′′ 3. For a disk with central surface brightness of µ 0 , the relation between the scale length and the 25 mag/arcsec 2 isophotal radius r 25 is r 25 r 0 = 25 − µ 0 2.5 log e .
For example a galaxy with µ 0 = 18.5, has r 25 = 6.0 r 0 . The diameter of such galaxy with r 0 = 0.7 -1.1 kpc would then be in the range of 5 -15 kpc. Our main conclusions are the following: * At the GRB redshifts, the derived absolute magnitude and diameter, needed for comparison with local galaxies, depend essentially on the adopted cosmological model. A change in the density parameters easily produces a change of 1 mag in the absolute magnitude of the host galaxy and a change of 50% in diameter. On the other hand, for such comparison the choice of H 0 is not so critical, because the same value is used for deriving the parameters of the host and the local galaxies. * We have measured the K B corrections for the host galaxy and the neighbouring G2 galaxy, which are + 0.6 and + 2.1, respectively. Such corrections make absolute magnitudes brighter and shift them away from dwarf galaxies. * The intrinsic physical properties of the possible host galaxy for GRB970508 correspond a late-type galaxy, with its M B = −18.5 ± 0.3 clearly fainter than the knee of the general Schechter luminosity function at about −20.8 mag.
However as demonstrated by Binggeli et al. (1988) , the luminosity function essentially depends on the type of galaxies and their environment (field and clusters). For Sd + Sm galaxies the knee of the luminosity function is at M B ≈ −18 and hence the detected host of GRB970508 would be from the bright end for this galaxy type range. In terms of the classification by Binggeli (1994) , the host belongs to his Sequence 3 and lies well away from the border between normal and dwarf galaxies traditionally taken to be around M B = −16. * The comparison of the spectral distribution of the host galaxy with local starburst galaxies revealed that the best fits were given by by the blue compact dwarf galaxy NGC1510, the HII galaxy NGC7793 and the blue compact galaxy Mrk 1267. The spectral distribution's of normal galaxies with types earlier than Sbc are confidently excluded. Alltogether, the observed absorption lines MgII, MgI and FeII, the evidence for emission line [OII] and our tentative evidence for a high surface brightness are consistent with a starburst process going on in the present GRB host galaxy. * It may be worth noting that the host galaxy of the GRB970508 is essentially different from the hosts of blazars, which also were identified only after the blazar phenomenon had been detected. The host galaxies of the BL Lacertae objects, are usually luminous elliptical galaxies with −24 < M R < −22 (e.g. Stickel et al. 1991; Wurtz et al. 1996) . * Even from this preliminary identification of the possible type of GRB970508 host galaxy, one may get some restrictions on the nature of the GRB itself. If GRB events occur in late type galaxies with ongoing process of star formation then the models which connect GRB events with star forming regions are consistent with our data. Hence the failed supernovae (Woosley 1993) and hypernovae (Paczynski 1998 ) models are in agreement with a starburst late type galaxy as the host. Neutron stars merge models that predict the GRB is located at a distance of about 30 kpc from the binary birthplace are in conflict with our results.
